A growing number of immunological responses have been shown to be under genetic control. In general, these responses have been linked to the major histocompatibility complex (MHC),I and it appears that it is the gene products of the MHC which are critical for the recognition of self and not-self (1) . Such MHC-linked responses include the generation and expression of cytotoxic T lymphocytes directed against viral-infected (2), chemical-modified (3), or closely related (4) syngeneic cells, the antibody response to certain antigens (1), the recognition of antigen on macrophages (5) , the collaboration between T and B lymphocytes (6) , and the transfer of delayed hypersensitivity (7, 8) . A considerable amount of work is being done to define the number and location of the MHC loci responsible for these genetic restrictions.
A new regulatory phenomenon has recently been explored, i.e., that of suppressor cells (9, 10) . The exact nature and mode of action of these cells is not known, but they appear to be important in the regulation of antibody and cell-mediated responses.
Following the lead of Asherson and Zembala (11), we have shown that the induction of tolerance to contact sensitivity to 1-fluoro-2,4-dinitrofluorobenzene (DNFB) by injection of 2,4-dinitrobenzene sulfonate (DNBSO3) involves the production of antigen-specific Tsuppressor cells. These cells are capable of adoptively transferring this tolerance to naive syngeneic recipients, which are thereby rendered relatively unresponsive to sensitization by the specific contactant, DNFB, but which are normally sensitized by unrelated contactants (12) . There are recent data suggesting that these T suppressors (Ts) carry hapten 2,4-dinitrophenol (DNP) on their surfaces (13) . We have also shown that there is another pathway of tolerance in these mice which is longer lasting, also hapten specific, and not transferable by cells which we have called clone inhibition (14) .
We have recently investigated the production of tolerance to contact sensitivity by injection of DNP-modified spleen cells (DNP-SC). These experiments also show that the same two pathways of tolerance are involved, that of clone inhibition and of development of TS (15, 16) .
We are now exploring the genetic requirements for the generation and expression of suppressors induced by haptenated spleen cells (17) . We have shown that there is a genetic restriction in this model. DNP-syngeneic or DNP-H-2 compatible SC injected into BALB/c mice make those animals tolerant to DNFB and also induce the production of suppressor cells able to transfer tolerance to other BALB/c mice. In contrast, DNPallogeneic SC injected into BALB/c mice also make those animals tolerant to DNFB but do not induce the production of suppressor cells able to transfer tolerance to other BALB/c mice.
The experiments reported here explore these genetic requirements further and show that DNP-SC can induce hapten-specific suppressors which have MHC-restricted expression or non-MHC-restricted expression, depending on the relation between the strain of origin of (a) the haptenated SC (tolerogen), (b) the animal used to generate suppressors (donor of suppressors), and (c) the recipient of transferred populations containing suppressors. The results show that (a) hapten-SC injected into an allogeneic strain cause the production of suppressor cells which are active only in the strain of origin of the tolerogen (not in the suppressor cell donor strain) but (b)hapten-SC injected into syngeneic mice cause the production of suppressors which are active both in syngeneic and in unrelated allogeneic recipients. The results are discussed in terms of a recent model of T-cell recognition and suppression (18) .
Materials and Methods
Mice. BABL/c mice were obtained from Simonsen Labs, Gilroy, Calif. CBA, CsTB1/6, and DBA/2 mice were obtained from The Jackson Laboratory, Bar Harbor, Maine. 
Antigens and Tolerogens. DNFB was obtained from

Preparation of Hapten-Modified Lymphoid Cells.
Erythrocyte-free spleen cell suspensions were prepared in Hank's balanced salt solution (HBSS) as described previously (15) . Spleen cells were dinitrophenylated exactly as previously described (15) and are termed DNP-SC. Spleen cells were trinitrophenylated by incubation with 10 mM picryl sulfonic acid (in HBSS) for 30 min as previously described (15) and are termed TNP-SC.
Induction of Tolerance.
Mice were injected intravenously with 5 x 107 DNP-SC or trinitrophenol (TNP)-SC in HBSS 7 days before contact sensitization or transfer of tolerance.
Sensitization and Elicitation of Contact Sensitivity.
Mice were contact sensitized with DNFB or TNCB and the degree of sensitization determined by an ear thickness assay exactly as previously described (15) . The increment in ear thickness is called ear swelling and is expressed in units of 10 -4 inches. Positive controls were sensitized and ear challenged; negative controls were ear challenged only. Percent tolerance was calculated according to the following formula:
Transfer of Tolerance. Peripheral and mesenteric lymph nodes were collected 7 days after tolerization with 5 x 107 DNP-or TNP-modified lymphoid cells. Single cell suspensions were prepared in HBSS and 100 x l0 s donor lymphocytes were injected intravenously into lightly irradiated (250 R s°Co) recipients. Control mice received either no cells or cells from normal donors. The recipient and control mice were contact sensitized 1-2 h after transfer. The degree of tolerance in recipient mice was expressed as percent tolerance transferred as described above.
Results
Previously, we have shown that mice injected with syngeneic DNP-SC become tolerant to DNFB contact sensitization and can transfer hapten-specific suppression to other naive syngeneic mice. These recipients are thereby prevented from developing full contact sensitivity to DNFB. In contrast, mice injected with allogeneic DNP-SC also become tolerant to DNFB themselves but cannot transfer suppression to recipients (17) . This latter situation is shown in group (B) of Table I . Here, BALB/c mice receiving DNP-CBA SC (and tolerant to DNFB, data not shown) were unable to transfer suppression to BALB/c recipients. On the other hand, group (A) shows that BALB/c mice receiving DNP-CBA SC were able to transfer significant tolerance to CBA recipients, i.e., to the same strain used to prepare haptenated SC as tolerogen. Group (C) shows that such tolerance could not be transferred to C57B1 mice which are MHC incompatible with both the DNP-SC tolerogen and the BALB/c animals in which suppressors were generated.
These results are not surprising. One would expect, in analogy with the development of delayed-type hypersensitivity, that BALB/c mice would develop suppressors directed against the hapten-modified antigens of the CBA tolerogen. When these suppressor cells are transferred into a naive BALB/c mouse (group [B]), and this mouse is sensitized with DNFB, the antigenic complexes created by DNFB painting are DNP-BALB/c, and suppressors directed against DNP-CBA would not be expected to be effective. On the contrary, such suppressors are effective when transferred into CBA recipients (group [A]) as DNFB painting of these mice will create DNP-CBA determinants which are the determinants on the tolerogen used to generate the suppressors. Such suppressors will obviously not be effective in C57B1 mice (group [C]).
We further explored the range of specificity of suppressors generated by syngeneic tolerogen, i.e., by DNP-BALB SC injected into BALB/c animals. We were surprised to find that such animals were able to serve as donors of suppressor cells active in allogeneic recipients, e.g., CBA mice. Group (A) of Table II shows such a transfer of suppression. The failure of transfer from BALB/c donors tolerized with sham-haptenated BALB/c SC (group [B]) shows that the tolerogen must be haptenated. Group [C] again shows the generation of DNP-CBA-specific suppressors in BALB/c mice, able to transfer tolerance to CBA recipients, and group (D) shows that allogeneic effects are not responsible for the transfer of tolerance. In Table III we explored some of the MHC requirements for the development of suppressors. In this experiment, DNP-DBA/2 SC (H-2 d) were used as tolerogen in BALB/c mice which are also H-2 d but which differ from DBA/2 mice at non-MHC loci. As can be seen, BALB/c mice injected with DNP-DBA/2 SC generate suppressors which are effective in transferring tolerance to DBA/2 recipients, to BALB/c recipients, and to non-H-2 d mice, i.e., CBA recipients.
Our final experiment was to confirm the previous findings and to demonstrate the exquisite hapten sensitivity of the suppressor cells. To do this, BALB/c mice were doubly tolerized with DNP-BALB/c SC (syngeneic) and with TNP-CBA SC (allogeneic). After 1 wk, 10 8 lymphoid cells were transferred into BALB/c and into CBA recipients which were sensitized with either DNFB or TNCB. Table  IV shows that, when the haptenated SC are syngeneic with the animal used to Table I .
Discussion
Understanding the regulation of the immune response requires knowledge of the genetic restrictions of such regulation. The contact sensitivity model is highly appropriate because it is simple to induce a hapten-specific, T-cellmediated hypersensitivity reaction merely by painting DNFB on the skin. The converse of this reaction, a hapten-specific T-cell-mediated tolerance, is induced by injecting the same material, DNFB (or a congener, DNBSO3). This tolerance involves (in part) the activation of hapten-specific suppressor T cells (12) . The ability to generate suppressor cells by injecting hapten-modified spleen cells, instead of free hapten, allowed us to study the genetic requirements for the development of tolerance (15, 17) .
Induction of Alloreactive Suppressor Cells. We previously reported that the injection of DNP-syngeneic or DNP-H-2-compatible SC into BALB/c mice made those mice tolerant to DNFB and generated suppressor cells able to transfer such tolerance into normal BALB/c mice. However, the injection of DNPallogeneic SC into BALB/c mice, although rendering those mice tolerant to DNFB, did not produce suppressor cells active in BALB/c recipients (17) .
This report shows that tolerization with DNP-allogeneic SC will generate suppressor cells, which are active only in the strain which provided the tolerogen. For example, BALB/c mice tolerized with CBA DNP-SC will transfer suppression only to CBA recipients. As explained in the results, this is not a surprising finding. It indicates that BALB/c mice recognize both DNP and CBA determinants on the DNP-CBA SC tolerogen and raise suppressors directed against those antigens. Since painting CBA recipients with DNFB creates DNP-CBA antigens (and not DNP-BALB/c antigens), it is clear why those cells suppress CBA and not BALB/c or third party recipients.
Induction of Synreactive Suppressors Cross Reactive with Allogeneic Recipients. Suppressors generated in a syngeneic or H-2 compatible combination, i.e., DNP-BALB/c SC tolerogen injected into BALB/c donors, will transfer suppression not only to BALB/c mice (as expected) but also to CBA mice, which are H-2 incompatible. In accordance with the above explanation, one would say that BALB/c mice recognize DNP-BALB/c antigens and raise suppressors which are able to suppress the development of contact senstivity to DNP-CBA antigens, since those are the ones created by painting CBA recipients with DNFB. Before proceeding to a discussion of this finding, we should point out that, while suppressors induced in BALB/c donors by DNP-DBA/2 were effective in transferring tolerance to both BALB/c and to CBA recipients, they were more effective in transferring tolerance into DBA/2 recipients (Table III, 
group [A]).
These results may indicate that, although both DBA/2 and BALB/c are H-2 d mice, the fit of suppressors generated against DNP-DBA/2 is better when tested against DBA/2 than against BALB/c. This kind of result suggests that minor degrees of heterogeneity exist between the two strains, but the experiment does not make it possible to decide whether the differences important in this suppressor system exist within or outside of the MHC.
Hypotheses Able to Explain These Results. In attempting to explain these results, we believe that the generation of restricted alloreactive suppressors by injection of, e.g., DNP-CBA SC into BALB/c mice, is best explained according to the accepted paradigms of T-cell recognition in delayed hypersensitivity. What requires explanation is how the suppressors produced by DNP-BALB/c SC injected into BALB/c mice (synreactive suppressors) are also able to suppress allogeneic mice. At least three models may be made.
A first possibility is that there is a mouse-specific non-MHC antigen which is present in the haptenated tolerogen and that synreactive suppressors generated against this DNP-mouse antigen in BALB/c mice by DNP-BALB/c SC are effective in suppressing DNFB sensitization in many other strains. One finding appears to contradict this model; namely, the failure of DNP-CBA SC (presumably carrying the DNP-mouse antigen) to produce suppressors in BALB/c mice able to suppress BALB/c recipients. One could fit this finding to the model, however, by postulating that the DNP-CBA determinants are immunodominant over DNP-mouse antigens as DNP-CBA is allogeneic to BALB/c while DNPmouse antigen would be weakly antigenic. Thus, DNP-mouse antigen would not be very stimulatory to suppressor precursors in allogeneic mice but would be the main stimulus in syngeneic mice, i.e., DNP-BALB/c SC injected into BALB/c animals. A final difficulty with this model is that it would postulate that non-MHC restricted hapten-specific suppressor generation is quite different from hapten-specific sensitization and expression of delayed hypersensitivity where MHC participation has been shown to be crucial (7, 8) .
A second explanation (suggested by Dr. Sally Fairchild) is based on the idea that efficient activation of suppressor precursors requires two low affinity signals or one high affinity signal. When DNP-CBA SC are injected into BALB/c mice, precursors able to recognize allogeneic DNP-CBA determinants with high affinity are efficiently activated to produce suppressors which are specifically able to suppress DNFB-painted CBA recipients. In contrast, when DNP-BALB/c SC are injected into BALB/c mice, the recognition of DNP-BALB/c determinants is weak, but is increased by interactions between Ia products associated with the DNP-BALB/c determinants (perhaps on BALB/c macrophages) and Ia products on BALB/c suppressor precursors. This dual recognition will efficiently stimulate suppressors for DNP-BALB/c. If DNP is immunodominant, DNP-BALB/c SC will also have some affinity for suppressor precursors actually programmed for DNP-allogeneic determinants. In addition, however, there will be increased affinity between these cells and DNP-BALB/c afforded by the above-mentioned Ia product recognition and the combined dual recognition will cause the generation of suppressors able to suppress CBA or other allogeneic mice. This idea would be strengthened by the determination of Ia on the suppressor cells and is presently being explored. Although we have no data to refute this hypothesis, we favor a third explanation which also involves dual receptor recognition. Recently, Janeway et al. published a hypothesis concerning the nature of the T-cell receptor (18) . We believe that our results support this hypothesis and may be explained by it. In this hypothesis, the T cell possesses two receptors, each coded for by VH genes. Receptor no. 1 recognizes foreign non-MHC antigens. Receptor no. 2 recognizes self MHC antigens with low affinity, but certain receptor no. 2 VH gene products fortuitously cross react with high affinity with foreign MHC determinants, leading to an apparent high incidence of alloreactive T cells (19) . Both recognitions are crucial for the development and expression of the various immunological reactions mentioned in the introduction. A similar model has also been outlined by Doherty et al. (20) .
We believe that the development and activity of suppressors also requires dual recognition, and we have tried to outline this schema in Table V . We indicate that BALB/c mice have suppressor precursor clones which will recognize DNP-selfMHC. These are designated a-DNP-A, a-DNP-B, etc. The various designations indicate that different but related clones of suppressors recognize hapten and H-2 d self with low affinity. Receptor no. 1 is directed toward DNP. The self-receptors (no. 2) designated dl, d2, etc. react with self with various degrees of fit. Nevertheless, one of these clones has a receptor no. 2 which fortuitously cross reacts with a certain allogeneic MHC with high affinity; e.g., clone a-DNP-C has a low affinity receptor (d3) for self but receptor d3 has high affinity for H-2 k which is the property of CBA cells. In terms of the development of suppressors in BALB/c mice generated by DNP-CBA-SC and able to suppress contact sensitization only in CBA recipients, we believe that the DNP-CBA-SC tolerogen activates suppressors of clone a-DNP-C which have receptor no. 1 directed to DNP determinants (e.g., DNP-0-tyrosyl, etc. [21] ) and which have receptor no. 2 with high affinity for CBA determinants. Therefore, these cells are highly efficient in suppressing the CBA recipient's response to DNFB. This clone also should have low affinity for self MHC determinants but alone is not sufficient to suppress BALB/c recipients (see below).
The model also explains why DNP-BALB/c SC generate suppressors in BALB/ 
L . ~ Suppression by a library of low affinity a-DNP-self clones.
Suppression by a limited number of low-affinity a-DNP-self clones which cross react with high affinity with foreign nonself MHC. ---//--~No suppression.
• *The designations a-DNP-A, etc., refer to clones of suppressor precursors in BALB/c mice with low affinity for self-MHC antigens and cross reactive with high affinity with allogeneic MHC.
c mice able to suppress both BALB/c and CBA recipients. In this case, DNP-BALB/c SC injected into BALB/c mice activate a library of suppressor clones with various low-affinity receptors for DNP-BALB/c self MHC antigens. These are designated a-DNP-A, a-DNP-B, etc. in Table V and would have receptor no. 1 directed to DNP and receptor no. 2 V~ products (d,-d4) which recognize self, each with low affinity. The aggregate of this library of low-affinity suppressors, when transferred into BALB/c mice, is sufficient to suppress that animal when it is painted with DNFB, which thereby creates DNP-H-2 d antigenic determinants. However, one of these suppressor clones, a-DNP-C, not only has a receptor no. 1 directed against DNP but fortuitously has a receptor no. 2 (d3) which cross reacts with high affinity with CBA determinants. The activation of this clone by DNP-BALB/c SC will generate suppressors efficient in suppressing CBA recipients. Similarly, the activation of clone a-DNP-D which has receptor no. 2 (d4) with high affinity for H-2 b will develop suppressors active in Cs7 B1/6 mice (H-2b). We indicate that clones a-DNP-A and a-DNP-B have high affinity receptors for the MHC of unidentified strains of mice, H-2 x, and H-2 ~ and activation of these clones would suppress those strains of mice. Further experiments should help to determine which mechanism is operative and may help to delifleate if T-cell activation is to altered-self or occurs by dual recognition. It will be important to determine what are the minimum MHC compatibilities required for generation of synreactive suppressors, e.g., K and/ or D or I region, and whether synreactive and alloreactive suppressors have the same or different biological characteristics, e.g., Ly class and Ia positivity.
We are aware that these results are not in line with the many observations referred to in the introduction. Specifically, they do not fit with data showing that hapten-or viral-modified stimulators produce, in syngeneic responders, cytotoxic effector cells which are able to lyse only modified target cells which share H-2 k or H-2 d regions with the stimulators (2, 3) . This may indicate that the production and effectiveness of suppressors cells in vivo is distinctly different from the activation and expression of cytotoxic cells.
Summary
Genetic restrictions in generation and expression of hapten-specific suppressor cells for contact sensitivity were found. Dinitrophenol-(DNP) or trinitrophenol-modified mouse spleen cells (SC) induced suppressors in donors able to transfer suppression to normal recipients.
When allogeneic DNP-SC were injected into BALB/c mice, cells were generated which were suppressive only in the allogeneic strain providing the DNP-SC. In contrast, when DNP-BALB/c-SC were injected into BALB/c mice, suppressors were generated which were active both in BALB/c and in allogeneic mice (e.g., CBA). This apparent absence of syngeneic major histocompatibility complex restriction may be explained by cross reactive T-cell receptors which are VH gene products.
